Whereas GCs have been demonstrated to be beneficial for transplantation patients, the pharmacological mechanisms remain unknown. Herein, the role of GR signaling was investigated via a pharmacological approach in a murine allogeneic skin transplantation model. The GC Dex, a representative GC, significantly relieved allograft rejection. In Dex-treated allograft recipient mice, CD11b ϩ Gr1 ϩ MDSCs prolonged graft survival and acted as functional suppressive immune modulators that resulted in fewer IFN-␥-producing Th1 cells and a greater number of IL-4-producing Th2 cells. In agreement, Dextreated MDSCs promoted reciprocal differentiation between Th1 and Th2 in vivo. Importantly, the GR is required in the Dex-induced MDSC effects. The blocking of GR with RU486 significantly diminished the expression of CXCR2 and the recruitment of CD11b ϩ Gr1 ϩ MDSCs, thereby recovering the increased MDSC-suppressive activity induced by Dex. Mechanistically, Dex treatment induced MDSC iNOS expression and NO production. Pharmacologic inhibition of iNOS completely eliminated the MDSC-suppressive function and the effects on T cell differentiation. This study shows MDSCs to be an essential component in the prolongation of allograft survival following Dex or RU486 treatment, validating the GC-GR-NO signaling axis as a potential therapeutic target in transplantation.
Introduction
Synthetic GC immunosuppressants, especially Dex, have been widely used in treating inflammatory disorders and are wellknown for their effect on the immune system [1, 2] . It has been suggested that GCs regulate a variety of different immune cell activities. Dex can alter the phenotype and function of DCs, rendering them tolerogeneic [3] . Moreover, Dex has been regarded as a tolerogeneic adjuvant through the in vivo selection of tolerogeneic macrophages [4] . Furthermore, Dex combined with peptide antigens was shown to induce the expansion of antigen-specific CD4 ϩ Foxp3 ϩ T regs that persist in vivo and are used in the prevention of autoimmune diabetes [5] . In transplantation, GC has also been demonstrated to be beneficial for patients in clinical applications [6, 7] . However, the immunological mechanisms of GC in transplantation remain to be elucidated.
MDSCs comprise a heterogeneous cell population that suppresses T cell proliferation and function, blocks NK cell cytotoxicity, and promotes the development of T regs in tumor-bearing hosts [8 -10] . MDSCs have been detected in the blood of cancer patients, as well as the BM, spleen, and peripheral blood of tumor-bearing mice [11, 12] . In transplantation, MDSCs contribute to kidney and cardiovascular graft tolerance [13, 14] . A recent study showed that prednisone induces increased MDSC recruitment and CD4 ϩ Foxp3 ϩ T reg expansion in human kidney transplant recipients [15] . However, the MDSC regulatory mechanisms of GCs in transplantation remain unclear.
In the present study, we sought to determine whether MDSCs comprise an essential immune component in GC-prolonged allograft survival. Dex treatment significantly ameliorated graft rejection and pathological injury. In addition, it significantly reduced inflammatory cell infiltration concomitantly with enhanced CD11b ϩ Gr1 ϩ MDSC accumulation in the allograft. These cells are required for the Dex-prolonged allograft survival. Mechanistically, targeting the GR, Dex treatment potentiated MDSC recruitment and function and consequentially, promoted a reciprocal differentiation of Th1 and Th2 in the murine allograft. Thus, the current study shows MDSCs to be an essential immune component in GC-GR amelioration of allograft rejection.
MATERIALS AND METHODS

Mice
All animal experiments were performed in accordance with the approval of the Animal Ethics Committee of Fudan University (Shanghai, China). CD45.1 ϩ B6 and OTII mice were obtained from the Center of Model Animal Research at Nanjing University (China). BALB/c and B6 (CD45.2 ϩ ) mice were obtained from the Fudan University Experimental Animal Center. All mice were bred and maintained in specific pathogen-free conditions. Sex-matched littermates at 6 -8 weeks of age were used in the experiments described in this study.
Skin transplantation, Dex treatment, and histological analysis
Skin from BALB/c mice was transplanted into B6 recipients as described previously [16 -19] . Recipient mice were injected i.p. with Dex (5 mg/kg body weight) daily, starting on Day 1 (6 h before the transplantation with allogeneic skin). For skin transplantation, erythema, edema, and hair loss were considered early signs of rejection, whereas ulceration, progressive shrinkage, and desquamation were considered to be the endpoints of rejection [20] . Photographs were taken daily with a digital camera (Canon PowerShot A640; Tokyo, Japan), until the graft was rejected completely. The skin grafts were removed as the indicated time-points and rinsed in cold PBS, placed in optimal cutting temperature compound, and frozen immediately in liquid nitrogen for histopathological examination. Sections (4 -6 m) were fixed in 4% paraformaldehyde and stained with H&E for the assessment of cellular infiltration.
mAb and flow cytometry
For the FCM analysis of cell-surface markers, cells were stained with antibodies in PBS containing 0.1% (wt/vol) BSA and 0.1% NaN 3 . The following antibodies were obtained from eBioscience (San Diego, CA, USA): antiCD11b (M1/70), anti-F4/80 (BM8), anti-Gr-1 (RB6-8C5), anti-CD4 (GK1.5), anti-CD11c (N418), anti-NK1.1 (Ly-55), anti-CD44 (IM7), anti-CD62L (MEL-4), anti-CD80 (16-10A1), anti-CD86 (GL1), anti-CD40 (1C10), anti-CD54 (YN1/1.7.4), and anti-CXCR4 (2B11). The following antibodies were obtained from BD Biosciences (San Jose, CA, USA): anti-CD45 (TU116), anti-CD8 (53-6.7), anti-CD115 (AFS98), and anti-CXCR2 (242216). Anti-CD3 (145-2C11) and -CD19 (6D5) were obtained from Miltenyi Biotec (Bergisch Gladbach, Germany). Anti-Ly6G (RB6-8C5) and anti-GR (ab984) were obtained from Abcam (Cambridge, UK).
Intracellular staining was analyzed by FCM, according to the manufacturer's instructions, with modifications as described [21] . For cytokine expression analysis, cells isolated from the indicated organs were restimulated with LPS (L2630; Sigma-Aldrich, St. Louis, MO, USA) for 5 h for CD11b 
Cell isolation and purification
For the isolation of skin-graft cells, skin grafts were retrieved and minced into small pieces with a scalpel and then digested for ϳ1 h at 37°C in RPMI-1640 medium containing 30 U/mL collagenase (type IV; Sigma-Aldrich) and 1 mM CaCl 2 . Collagenase-pretreated tissues were then ground with the plunger of a 5-mL disposable syringe and passed through a 70-m nylon cell strainer. Cells were collected by centrifugation at 300 g for 15 min and resuspended in FACS staining buffer for cell-marker staining. Following cardiac perfusion with PBS, the spleen was aseptically removed and mechanically disrupted between sterile-frosted microscope slides, as described previously [22, 23] . Splenic CD11b ϩ cells were isolated using anti-CD11b magnetic beads and positive-selection columns (Miltenyi Biotec). Gr1 ϩ cells were isolated using anti-Gr1-PE mAb (RB6-8C5; eBioscience) and positive immunomagnetic separation with a selection kit (Stem Cell Technologies, Vancouver, BC, Canada) or sorted on a FACSAria II (Becton Dickinson). Lymphocytes were isolated from the lymph nodes, and naive T cells (CD4
were sorted on a FACSAria II, as described [24] . Flow cytometry verified that all of the isolated cells yielded a Ͼ90% pure population.
Quantitative RT-PCR
Total RNA from the skin grafts or spleen of the allograft recipients was isolated using RNeasy columns, and contaminating DNA was removed by oncolumn treatment with RNase-free DNase (Qiagen, Dusseldorf, Germany). RNA was extracted with an RNeasy kit (Qiagen), and cDNA was synthesized using SuperScript III RT (Invitrogen, Carlsbad, CA, USA). An ABI 7900 real-time PCR system was used for quantitative PCR, with the primers and probe sets obtained from Applied Biosystems (Carlsbad, CA, USA; see Table 1 ). Results were analyzed using SDS 2.1 software (Applied Biosystems). The C T value of the endogenous control gene (Hprt1, encoding HPRT) was subtracted from the ⌬C T . The expression of each target gene is presented as the "fold change" relative to that of the control samples (2 Ϫ⌬⌬CT ), as described previously [24] . ) from the spleens of PBS and Dex-treated allograft recipient mice were sorted and i.v.-injected into syngeneic B6 mice. One day after adoptive transfer, these mice were grafted with BALB/c skin, and the skin graft was followed daily.
In vivo and in vitro functional assay of CD11b
For the suppression assay in vitro, CD11b ϩ Gr1 ϩ cells sorted from the spleen of PBS or Dex-treated allograft B6 recipients, 7 days after alloskin transplantation, were added to a MLR system. The suppressive function of MDSCs was assessed by determining their ability to inhibit T cell activation, as described previously [25] . ϩ B6 mice. The changes in ear thickness were measured using an Engineer's micrometer, 48 h after challenge. The ear-thickness changes were calculated by subtracting the thickness of the same ear before injection from that of the thickness after injection, as described previously [26] .
Cell proliferation and apoptosis assay
To detect the proliferation of CD11b ϩ Gr1 ϩ cells in vivo, 150 l of a 10-mg/mL BrdU solution was injected into mice, as described previously [27] . Recipient splenic cells were isolated and BrdU ϩ cells visualized using the BrdU flow kit (BD Biosciences). Samples were also stained with CD11b and Gr1 to visualize MDSCs. Apoptosis of MDSCs in recipient mouse splenic cells was assayed by flow cytometry using Annexin V staining (BD PharMingen, San Diego, CA, USA) with a gating strategy aligned to analyze CD11b ϩ -Gr1 ϩ cells, as described previously [28] . Flow cytometry data were acquired on a FACSCalibur and analyzed using FlowJo software.
NO production assay
After incubating equal volumes of culture supernatant or serum (100 l) with Greiss reagent (G4410; Sigma-Aldrich), the absorbance at 550 nm was measured at a wavelength of 550 nm using a microplate reader (Bio-Rad, Hercules, CA, USA), as described previously [25] .
Statistical analyses
All data are presented as the mean Ϯ sd. Student's unpaired t-test for comparison of means was used to compare differences between groups. Comparison of the survival curves was performed using the log-rank (MantelCox) test. P Ͻ 0.05 (␣-value) was considered to be statistically significant.
RESULTS
Dex prolongs allograft survival
We first investigated the effects of Dex on allograft survival. As shown in Fig. 1A , the daily treatment with Dex (5 mg/kg body weight) or PBS (solvent) was started 6 h before transplantation with allogeneic BALB/c skin. Dex treatment significantly prolonged allograft survival compared with the control PBS treatment group. Moreover, the allograft recipient mouse T cells displayed a lower autoimmune phenotype in Dex-treated recipient mice than control mice (Fig. 1B) . Consistent with this finding, from Day 5 to 10, the alloskin grafts on the PBS control recipients exhibited a progressive loss of hair, dermal necrosis, and scab formation, as shown in Fig. 1C . However, the graft on the Dex-treated recipients had a normal gross appearance and hair growth. Histological examination of the skin allograft revealed mild immune-cell infiltrates in the derma of the skin grafts in the Dex-treated recipients on Days 7 and 10 after grafting compared with the PBS control recipients, which displayed moderate infiltrates and necrosis (Fig.  1D ). We next analyzed the graft inflammatory cell infiltration in the allograft treated with PBS or Dex. Single-cell suspensions from the grafted skin of Dex-treated mice and control mice were isolated and analyzed by FCM. As showed in Fig. 1E , a significantly higher number of CD11b
ϩ T) cells, were found in the Dex-treated graft compared with the control group. These data collectively suggest that CD11b ϩ Gr1 ϩ cells are involved in Dex-prolonged allograft survival.
Dex treatment up-regulates the expression of chemokines that mediates CD11b
؉
Gr1
؉ cell recruitment in prolonging allograft survival
To confirm the apparent CD11b ϩ Gr1 ϩ cell-number alteration, we analyzed the infiltrating cells in the allograft and recipient mouse dLNs, spleen, blood, and BM. Dex-treated allograft recipients consistently exhibited a higher CD11b ϩ -Gr1 ϩ cell percentage than the PBS-treated control ( Fig. 2A  and B) . Moreover, in the inflamed dLNs, Dex-treated recipient mice exhibited more CD11b ϩ Gr1 ϩ cell infiltration than the control group (Fig. 2C) . Collectively, these data indicate that systemic CD11b ϩ Gr1 ϩ cell infiltration from the BM into the local inflammatory site is critical for prolonging allograft survival.
The increased frequency of infiltrating CD11b ϩ Gr1 ϩ cells might have occurred from a decrease in cell death, an increase in differentiation from progenitors, or an enhanced 
recruitment into the allograft. However, Dex treatment did not significantly change the cell death kinetics of graft CD11b ϩ Gr1 ϩ cells in the Dex-treated group (Supplemental Fig. 1A ). Thus, it is unlikely that Dex altered the survival of CD11b ϩ Gr1 ϩ cells. In addition, the percentage (Supplemental Fig. 1B ) and the absolute cell number (data not shown) of BrdU ϩ CD11b ϩ Gr1 ϩ cells were identical in the Dextreated group and control group, suggesting no defects in cell proliferation following Dex treatment. However, the expression of CXCL1 and CXCL2, but not CCL3 or CCL5, chemokines that are known to regulate CD11b ϩ Gr1 ϩ cell migration [29 -32] was up-regulated significantly following Dex treatment (Fig. 2D ). In addition, the expression of CXCR2, the receptor for chemokines CXCL1 and CXCL2, was up-regulated in the CD11b ϩ Gr1 ϩ cells following Dex treatment (Fig. 2E) . Furthermore, the induction of chemotactic factors in CD11b ϩ Gr1 ϩ MDSCs preceded the infiltration into the graft. Adoptively transferred, Dex-treated CD11b ϩ Gr1 ϩ MDSCs, which had been pretreated previously with an anti-CXCR2 antibody, did not alter the infiltration of donor cells into the allograft (Supplemental Fig. 1C ) or show any effect on graft survival (Supplemental Fig. 1D ).
Finally, an anti-CXCR2 antibody injection blocked the CD11b ϩ Gr1 ϩ MDSC infiltration ( Fig. 2F ) and consequently, resulted in severe pathological damage and a rejection response ( Fig. 2G) . Altogether, these observations show that Dex promoted the recruitment of CD11b ϩ Gr1 ϩ MDSCs in the allograft recipient mice.
Myeloid CD11b
؉
Gr1
؉ cells are required for Dex prolongation of allograft survival
We examined whether CD11b ϩ Gr1 ϩ cells that accumulated following Dex treatment and have the characteristics of immune suppressors are reported for MDSCs [9, 10, 33] . Compared with cells isolated from the control group, CD11b ϩ Gr1 ϩ cells isolated from the Dex-treated allograft recipient spleen ( Fig. 3A) and allograft ( Fig. 3B ) displayed significantly enhanced immunosuppression of T cell proliferation than controls in vitro. Additionally, splenic CD11b ϩ Gr1 ϩ cells following Dex treatment displayed a MDSC phenotype, CXCR4 high , CD115 high , CD44 high , CD86 low , and CD54 low , but with identical levels of CD62L and CD80 (Supplemental Fig. 2A) . Moreover, Dex-treated CD11b ϩ Gr1 ϩ cells produced lower TNF-␣ and higher IL-10 levels in the allograft recipient mice compared with the control group (Fig. 3C ) in a time-dependent manner (Fig. 3D) . We depleted these cells further by injecting anti-Gr1 mAb, as described previously [25] . Efficient depletion of CD11b ϩ Gr1 ϩ cells was achieved in these mice, as evidenced by FCM (data not shown). Strikingly, the depletion of Gr1 ϩ cells significantly reduced Dex-ameliorated allograft rejection, as indicated by the changes in graft survival (Fig. 3E) . Importantly, adoptive transfer of sorted CD11b ϩ Gr1 ϩ cells from Dex-treated allograft recipient mice but not the control group, into WT B6 recipients, significantly prolonged the percentage of allograft survival (Fig. 3F) . These findings suggest that CD11b ϩ Gr1 ϩ MDSCs are required for Dex-mediated, protective effects in prolonging allograft survival. 
GR is critical for Dex-induced CD11b
؉
Gr1
؉ MDSC recruitment and function in prolonging allograft survival
To ascertain how Dex induces CD11b
ϩ Gr1 ϩ MDSCs in allografts, we investigated GR expression, as it is regarded as essential to the GC effects. As shown in Fig. 4A and B, Dex treatment significantly up-regulated the expression of GR in allograft recipient mice at the protein and mRNA levels compared with the control group. This suggests that the GR is probably involved in the Dex-induced MDSC effects. The blocking of 
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the GC signal with RU486 (a GR inhibitor) efficiently downregulated GR expression in MDSCs in allograft recipient mice (Fig. 4C) . Interestingly, RU486 treatment significantly diminished CXCR2 expression (Fig. 4D ) and reduced the recruitment of CD11b ϩ Gr1 ϩ MDSCs in the allograft recipient mice (Fig. 4E) . RU486 treatment also restored the suppressive activities of MDSCs in the Dex-treated allograft recipient mice (Fig.  4F) , leading to the diminished graft survival seen in these animals (Fig. 4G) . Taken together, these data suggest that GCs (Dex) promote MDSC recruitment and functional activities in allografts through a GR-dependent signaling pathway.
Dex modulates reciprocal Th1 and Th2 cell differentiation during allograft transplantation
Compared with control allograft recipient mice, Dex treatment resulted in a significantly ameliorated autoimmune phenotype (higher CD4 ϩ TCR ϩ CD44 high CD62 low cells) in the dLNs and spleen of allograft recipient mice compared with the PBStreated control group (Fig. 5A) . Dex treatment also resulted in a significantly lower level of IFN-␥ in the dLNs and spleen (Fig. 5B) . In addition, a reciprocal decrease of IFN-␥-producing Th1 cells and an increase in IL-4-producing Th2 cells, but not "induced Foxp3 ϩ T regs ", were observed in the dLNs and spleen of allograft recipients following Dex treatment (Fig.  5B ). Similarly, the mRNA level of IFN-␥ and IL-4 decreased and increased following Dex treatment in a time-dependent manner, respectively (Fig. 5C ). Furthermore, specific T cell lineage transcriptional-factor expression provided evidence consistent with this finding (Fig. 5C) . Finally, the depletion of Gr1 ϩ cells in the Dex-treated but not the control group clearly restored the Th1 and Th2 cells in the dLNs of the allograft recipient mice (Supplemental Fig. 2B ). Collectively, these data suggest that MDSCs mediate reciprocal T cell differentiation of type Th1 and Th2, as a result, contributing to Dex-prolonged allograft survival.
Dex-induced MDSCs promote the reciprocal differentiation of T cells
The serum IFN-␥ and IL-4 levels in the recipient mice were decreased and increased significantly in the Dex-treated allograft recipient mice, respectively, compared with control (Fig. 6A) . Whereas the mRNA expression levels of Foxp3 and ROR␥t were comparable with the control, GATA3 mRNA and T-bet mRNA were increased and decreased, respectively, in Dextreated allograft recipient mice (Fig. 6B) . Furthermore, we investigated directly whether MDSCs regulate the reciprocal T cell differentiation in vivo and whether the regulation of T cell differentiation contributes to prolonged allograft skin survival. DTH experiments were used to investigate the suppressive activity of MDSCs in vivo, as described previously [26] . Approximately 2 weeks after OTII mice were immunized with OVA peptide, CD4 ϩ T cells of spleens and lymph nodes were enriched. We then isolated the CD11b ϩ
Gr1
ϩ cells from Dextreated allograft recipient mice and PBS-treated control mice. Responder cells (CD4 ϩ T cells) and CD11b ϩ Gr1 ϩ cells (5ϫ10 5 cells each) in the presence of antigen were injected i.d. into the pinnate of naive B6 mice. The change in ear thickness was measured, and the Dex-treated MDSC cotransferred groups exhibited a diminished DTH (Fig. 6C) . At 48 h after transfer, the donor CD4 ϩ T cells of the dLNs were isolated and exhibited higher IL-4 and lower IFN-␥ without any change in Foxp3 expression observed in the Dex-treated MDSC cotransfer groups (Fig. 6D ). In agreement with this, the mRNA expression of IL-4 and IFN-␥, but not IL-17A, was in- creased and diminished significantly, respectively, in the Dextreated MDSC cotransferred groups. Furthermore, the transcriptional factor expression T-bet and GATA3, but not Foxp3, were diminished and increased significantly, respectively, in the Dex-treated MDSC transferred groups (Fig. 6E) . Altogether, these data suggest that in allograft recipient mice, Dexinduced MDSCs reciprocally regulate the differentiation of Th1 and Th2 and consequently, prolong allograft survival.
Dex-induced MDSCs suppress T cell activation and modulate T cell differentiation via NO production.
NO production has been suggested as a critical component of the immunosuppressive activity of MDSCs [29] . We thus measured the NO levels in the allograft mice. In agreement, the average NO level was substantially higher in the Dex-treated allograft recipient mice than the control (Fig. 7A) . In addition, the mRNA level of iNOS, a NO-producing metabolic enzyme, was induced significantly, whereas the mRNA level of arginase, a metabolic enzyme sharing the same substrate with iNOS, was reduced in CD11b ϩ Gr1 ϩ MDSCs following Dex treatment in the allograft recipient mice (Fig. 7A) . To determine whether NO production is an essential component in MDSC prolongation of allograft survival, we applied L-NMMA, an inhibitor of iNOS, to the functional in vitro assay. L-NMMA reduced NO production significantly (Supplemental Fig. 3 ) and reduced the immunosuppressive activity efficiently in MDSCs isolated from Dex-treated allograft recipient mice, as indicated by the T cell proliferation assay (Fig. 7B) . Whereas cotransfer of MDSCs isolated from Dex-treated allograft recipient mice along with T cells induced a reciprocal differentiation of Th1 and Th2, L-NMMA diminished this effect significantly ( Fig. 7C and D) . To determine whether arginine depletion caused by increased iNOS contributes to the immunosuppressive effects of the MDSCs induced by Dex, we added L-arginine to the culture system. Arginine addition did not significantly change the suppressive activity of the Dexinduced MDSCs (data not shown), indicating that NO production, but not arginine depletion, contributes to MDSC-mediated immunomodulation in allograft rejection. Furthermore, the in vivo role of iNOS was investigated in an adoptive-transfer model using B6 recipients pretreated with an anti-Gr1 antibody to deplete Gr1 ϩ cells. CD11b ϩ Gr1 ϩ cells were isolated from PBS-or Dex-treated allograft recipient mice, cotreated with PBS or Dex and L-NMMA, and then adoptively transferred into recipients. L-NMMA cotreatment significantly reversed the effect of Dex on allograft survival (Fig. 7E) . Taken together, NO is required for Dex-induced MDSC amelioration of allograft immune rejection-associated inflammation.
DISCUSSION
Although emerging evidence indicates that GCs (such as Dex) ameliorate the immune-mediated allograft rejection associated with inflammation, the mechanism remains unclear. Here, we show that MDSCs are essential for Dex to relieve allograft-immune rejection. Further mechanistic insight was obtained by demonstrating the modulatory effects of Dex-GR signaling in MDSCs. By targeting the GR signaling pathway, Dex potentiates MDSC recruitment and function, as well as promoting the reciprocal differentiation of Th2 and Th1 in ameliorating allograft inflammatory injuries. This is consistent with the previously established role of MDSCs in limiting immune rejection inflammatory injury in the course of clinical transplantation [34] . This study reveals a previously unknown feature of MDSC function in immunohomeostasis, i.e., the reprogramming of T cell differentiation from Th1 to Th2, which represents a novel mechanism of GC-ameliorated transplant immunological rejection by a targeting of the GC-GR signaling pathway.
GCs, which have been widely used in treating inflammatory disorders, including amelioration of the transplant-rejection response, are well-known for their regulation of the immune system. A recent study showed that MDSCs accumulated in prednisone-treated human kidney transplant recipients and mediated CD4 ϩ Foxp3 ϩ T reg expansion [15] . However, the anti-inflammatory effect and important role in transplant immunology of GCs are highly complex. In the present study, typical immunological murine allograft models were used to investigate the effect of GCs and role of the GR signaling pathway in modulating transplant rejection. We showed that Dex, via its targeting of the GR signaling pathway, directly modulated MDSC NO production and consequently, directed the reciprocal differentiation of T cells in the allograft immuneinflammatory injury.
There are various molecular mechanisms involved in GC resistance or hypersensitivity and GR expression seems to be a key one [35, 36] . These mechanisms are important for the regulation of cell and tissue-specific GC sensitivity and are pathologically modified in certain clinical conditions such as AIDS, GC-resistant asthma, rheumatoid arthritis and familial GC resistance, among others [36] . GR signaling has been shown to have an important role in promoting the expansion of MDSCs in a murine model of trauma [37] . Moreover, MDSCs have been shown to accumulate in traumatized hosts and can be induced in in vitro models [38 -40] . In addition, in vivo studies have demonstrated the promotive effect of GCs on MDSCs in endotoxin immunosuppressed mice [41] , and that MDSCs accumulate and contribute to kidney and cardiovascular transplantation tolerance [13, 14] . In the present study, we demonstrate the intrinsic regulatory effects of MDSCs in prolonging allograft survival and show a previously unknown feature of MDSC function in immunohomeostasis, i.e. the reprogramming of T cell differentiation from Th1 to Th2, which represents a novel mechanism of GC amelioration of transplant immunological rejection by targeting the GR signaling pathway.
MDSC chemoattractant factors, including CXC chemokines and inflammatory mediators, released by resident cells or other immune cells [29 -32] , recruit MDSCs to inflammatory sites during the inflammatory response. In this acute skin transplantation model, Dex-treated mice expressed a higher level of CXCL1 and CXCL2, as well as CXCR2 (the receptor CXCL1 and CXCL2). Importantly, blockade of CXCR2 with a CXCR2 mAb or blocking GR with RU486 significantly reverses the graft survival and MDSC recruitment in Dex-treated mice. It is thought that MDSC recruitment is critically required for Dex to prolong allograft survival. The increase in Dex-induced MDSC recruitment significantly ameliorated graft rejection and enhanced inhibitory activity (Fig. 3A and B) , while decreasing proinflammatory cytokine production (Fig. 3C ). Whereas these data suggest that the accumulation and recruitment of Dex-induced MDSCs play a critical role, from the present results, it is still not possible to discriminate the effects of MDSC recruitment from decreased inhibition of T cell function in vivo in the context of Dex prolongation of allograft survival.
As is well-known, GC-GR reciprocally reprograms the differentiation of Th1 and Th2 [7] . Notably, GCs (such as Dex), one of the important immunosuppressants for transplant-immune rejection injury, target the GR. Our studies suggest that MDSCs contribute to the immunomodulatory functions of GCs. The GC-GR-NO pathway in MDSCs is promising for the development of new therapeutics for transplantation, autoimmunity, cancer, and infection. 
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